Objective: Myocardial infarction (MI) is often preceded by severe chest pain. The use of inflammatory markers to distinguish between chest pain of cardiac and non cardiac origin are not well reported. The aim of the study was to distinguish the chest pain of non cardiac and cardiac origin by using reliable inflammatory markers.
Introduction
Myocardial infarction (MI) is one of the major causes of mortality and morbidity in the world. 1 Inflammation plays a central role in the formation as well as rupturing of plaque leading to MI. The actual mechanism of plaque rupturing is still not known. High sensitivity C-reactive protein (hs-CRP), a biomarker for inflammation is viewed as a prominent partaker in endothelial dysfunction and atherosclerosis. 2, 3 Blake and Ridker have shown that elevated hs-CRP can predict risk of cardiovascular events (including death, acute myocardial infarction, and need for revascularization procedures) in patients with acute coronary syndromes (ACS). 4 Studies of genetic polymorphisms have established significant associations for the leukotriene pathway with early signs of atherosclerosis 5, 6 as well as the development of stroke and myocardial infarction. 7, 8 Reports show that genetic variation in the gene ALOX5AP (arachidonic 5-lipoxygenase-activating protein) and LTA 4 H (leukotriene A4 hydrolase) contribute to the risk of myocardial infraction and stroke in Icelandic, Scottish and European-American population. 9 Arachidonic acid (AA) is metabolized by cyclooxygenase (COX) and lipoxygenase (LOX) in the heart and coronary blood vessels, to numerous compounds with a variety of actions including vasodilation, vasoconstriction, enhanced myocardial injury and cardioprotection. Five-lipoxygenase (5-LOX), the rate-limiting enzyme in the biosynthesis of leukotrienes from AA, has been associated with the development of atherosclerosis in mouse models, and a 5-LOX promoter repeat polymorphism has been implicated in atherosclerosis in humans. 10 13 So we hypothesized that levels of LTB 4 and TXB 2 may point out the biochemical differences between non cardiac chest pain and chest pain of cardiac origin leading to MI. We have selected young subjects with cholesterol level less than 250 mg/dl. Cholesterol has been considered as a risk factor for MI. We also wanted to study the correlation between cholesterol levels, inflammatory markers and occurrence of MI especially in young subjects. Hence the present study focused on the levels of LTB 4 and TXB 2 in young subjects (age below 45 yrs) whose cholesterol levels were below 250 mg/dl.
Methods

Patient selection
Eighty subjects in the age group 35e45 years were enrolled in the study. They were categorized into three groups: the myocardial infarction (MI) group (n ¼ 40) at presentation, non cardiac chest pain (CP) (n ¼ 20) patients and healthy volunteers (N) group (n ¼ 20). Patients admitted in the intensive care unit (ICU) of cardiology unit in PRS hospital, Trivandrum, India with clinical diagnosis of MI were included in the study. The inclusion criteria were patients with prolonged chest pain more than 30 min, ST segment elevation more than 0.1 mV on at least two adjacent ECG leads or positive biomarkers. These patients were the ones with first episode of chest pain and had neither past history of such clinical symptoms nor were on any known medications for the same. Cholesterol levels below 250 mg/dl and age below 45 years were also considered in the inclusion criteria. The exclusion criteria include those with chest pain less than 30 min or more than 12 h, no ST segment elevation, T inversion or ST depression in ECG, those with known renal or hepatic dysfunction, bleeding disorder or any malignancy. Patients or bystanders who were unable to give consent for the study were also excluded from the present study. The controls were healthy individuals with systolic blood pressure/diastolic blood pressure (SBP/DBP) ¼ 135/ 85 mmHg or less, with no risk factors of CAD or clinical symptoms of any other organic disease. The CP patients were individuals with normal blood pressure and ECG, the chest pain was non cardiac in origin, Cholesterol levels was below 250 mg/dl and age below 45 years. As per the selection criteria in each group, subjects were recruited with their informed consent and a detailed data collection was done. The institutional ethics committee approved the study protocol.
Blood sample collection
The peripheral whole blood was collected in plain and sodium citrate (3.2%) vacutainer tubes. Subsequently, serum and plasma were separated by centrifugation at 1000 g for 10 min. For healthy individuals blood samples were collected randomly. From MI and CP patients, blood samples were collected at the time of admission to the ICCU before administration of any treatment.
Study protocol
Serum level of total cholesterol was measured by standard enzymatic method using kit (Agappe Diagnostics, India) and expressed as milligram per deciliter of serum. The level of hs-CRP in serum was estimated by using CRP-ultrasensitive latex turbidimetry kit according to the manufacturer's instruction (Spinreact, Spain) and expressed as milligram per deciliter. Activities of 5-LOX and COX were evaluated in the monocytes. Monocytes were separated from whole blood by the method of Hutch (1996) . 14 The activity of 5-LOX was determined in monocytes by the method of Axelrod et al (1981) 15 and activity of COX by the method of Shimazu et al (1981) . 16 LTB 4 concentration were determined in the serum by using enzyme immunoassay kit as described by the manufacturer (R&D systems, USA). Similarly, TXB 2 was measured as described by the manufacturer of an enzyme immunoassay kit (Cayman Chemicals, USA). The amount of LTB 4 and TXB 2 were expressed as picogram/milliliter of serum.
Statistical analysis
The data's were represented as mean AE standard deviation (SD). One way ANOVA was applied to determine the significance of biochemical parameters among the groups. Duncan's post-hoc multiple comparison tests of significant differences among groups were determined. Receiver operating characteristic (ROC) curve were established to evaluate the diagnostic value of LTB 4 and TXB 2 for differentiating between chest pain of cardiac and non cardiac in origin. A p < 0.05 was considered significant. All statistical analysis was performed using statistical software SPSS (version 17, Chicago, IL).
Results
The clinical characteristics of the CP and MI groups are presented in Table 1 . There were no statistical differences
between the CP subjects and the MI patients for any of the considered variables except for ESR which was slightly enhanced in MI patients, but was in the normal range. In addition, other biomarkers, such as SGPT and fibrinogen levels increased in MI patients when compared to that in CP subjects ( Table 1 ). The level of total cholesterol in serum of MI patients showed no significant increase when compared to CP and N subjects ( Table 1 ). The total cholesterol levels were within the normal range in all the subjects. The level of hs-CRP detected in serum of MI patients showed a significant increase when compared to other groups ( Table 2 ). The marker enzymes of the arachidonic acid pathway such as 5-LOX and COX were studied in the three groups. The activities of both 5-LOX and COX were significantly elevated in MI subjects when compared to CP and N ( p < 0.001). Similarly the level of TXB 4 increased in the serum along with a nine fold increase in LTB 4 level in MI patients when compared to CP and N subjects ( p < 0.001) ( Table 2) .
ROC curve analysis was done to demonstrate the usefulness of LTB 4 and TXB 2 as an individual risk determinant in subjects with chest pain of cardiac and non cardiac in origin. The area under curve (AUC) of LTB 4 and TXB 2 was 0.988 and 0.925, respectively when compared to hs-CRP (0.916) ( Table 3) (Fig. 1) . The sensitivity and specificity of hs-CRP, TXB 2 and LTB 4 were 75, 85, 90% and 80, 90, 95%, respectively.
Discussion and conclusions
Chest pain is an important symptom shown by most of the patients prior to a severe MI. But there also prevail chest pains of non cardiac in origin. The plaque which ruptures leading to MI is filled with cholesterol deposits, but studies have shown that only 35% of the patients with cholesterol levels greater than 200 mg/dl have developed MI. 17 In the present study only i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 2 9 5 e2 9 9
patients with cholesterol levels below 250 mg/dl were included. hs-CRP is considered as a biomarker of inflammation especially in MI patients. The level of hs-CRP in the MI subjects increased significantly when compared to CP and N (p < 0.05). Our observation that hs-CRP levels were enhanced in MI patients is in support of the report by Ridker et al 18 which
states that hs-CRP predicts not only incident myocardial infarction and cardiovascular death, but also the risk of ischemic. hs-CRP showed an AUC of 0.916 with 75% sensitivity, 80% specificity and 77% accuracy. Our study was mainly focused on LTB 4 and TXB 2. Their production depends on the activities of the key enzymes 5-LOX and COX. Their activities were enhanced in the MI patients indicating the upregulation of AA pathway and production of LTB 4 and TXB 2. This is supported by the enhanced levels of LTB 4 and TXB 2 in MI subjects. Spanbroek et al, 19 reported that 5-LOX is the main LOX expressed within atherosclerotic lesions. Polymorphisms in the 5-LOX gene promoter and certain 5-LOX-activating protein haplotypes have been linked to an increased risk of infarction and stroke. 20 23 have showed that residual-COX-1 activity and epinephrine enhance TXA 2 -dependent platelet function, which may reduce the clinical benefit of aspirin in patients with AMI. LTB 4 showed an AUC of 0.988 with 90% sensitivity, 95% specificity and 92% accuracy, indicating its usefulness for the management of disease.
In conclusion, the increase in oxidative stress during MI might have upregulated the AA pathway which was evident by the significantly higher activities of 5-LOX and COX suggesting the strong involvement of AA pathway in the onset of MI. We found that the levels of LTB 4 and TXB 2 were raised in the serum of MI subjects and were undetectable in the serum of CP and N subjects. Due to the significant increases in the levels of LTB 4 and TXB 2 , the chances of overlapping of results can be prevented. This is due to the high sensitivity and specificity of LTB 4 and TXB 2. The drawback of the present study is the small sample size. Investigations including a larger scale of patients need to be performed to confirm the use of LTB 4 and TXB 2 in ruling out the disease and aid in timely management if MI.
Conflicts of interest
All authors have none to declare. i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 2 9 5 e2 9 9
